In the this study, both fine and gross motor ability of males with attention-deficit-hyperactivity disorder (ADHD) were compared with a group of control children. Three groups of males with the following ADHD subtypes: predominantly inattentive (ADHD-PI; n=50), hyperactive/impulsive (ADHD-HI; n=16), or combined (ADHD-C; n=38) were compared with 39 control males. Mean ages for the control group were 10 years 4 months (SD 1 year 4 months, range 7 years 8 months to 12 years 11 months); for the ADHD-PI group, 10 years (SD 1 year 2 months, range 7 years 10 months to 13 years); for the ADHD-HI group, 9 years 11 months (SD 1 year 2 months), range 7 years 11 months to 12 years 6 months); and for the ADHD-C group 10 years 2 months (SD 1 year 4 months, range 8 to 13 years). The Australian Disruptive Behaviours Scale and Connors' Parent Rating Scale-Revised were used to assess ADHD symptomatology. Verbal IQ was estimated using two verbal subtests of the Wechsler Intelligence Scale for Children, and movement ability was assessed using the Movement Assessment Battery for Children (MABC) and the Purdue Pegboard test. Findings demonstrated that the children with ADHD had significantly poorer movement ability than control children. A high percentage of these children displayed movement difficulties consistent with developmental coordination disorder (DCD). In addition, the current study found that the type and degree of movement difficulty differed between subtypes. The Total Impairment score, as derived from the MABC, was less severe for the ADHD-HI group than the other two ADHD groups, but more severe than for the control group. Males with ADHD-PI and ADHD-C had significantly poorer fine motor ability (p<0.001) than control males, whereas the ADHD-HI group did not differ significantly from any of the other groups. As children with ADHD only and the control group did not differ significantly on fine motor ability but were significantly better than children categorized with both ADHD and DCD, it was argued that poorer fine motor ability found in children with ADHD could not be attributed to deficits in attention and concentration, but rather to factors relating to their motor ability.
In the this study, both fine and gross motor ability of males with attention-deficit-hyperactivity disorder (ADHD) were compared with a group of control children. Three groups of males with the following ADHD subtypes: predominantly inattentive (ADHD-PI; n=50), hyperactive/impulsive (ADHD-HI; n=16), or combined (ADHD-C; n=38) were compared with 39 control males. Mean ages for the control group were 10 years 4 months (SD 1 year 4 months, range 7 years 8 months to 12 years 11 months); for the ADHD-PI group, 10 years (SD 1 year 2 months, range 7 years 10 months to 13 years); for the ADHD-HI group, 9 years 11 months (SD 1 year 2 months), range 7 years 11 months to 12 years 6 months); and for the ADHD-C group 10 years 2 months (SD 1 year 4 months, range 8 to 13 years). The Australian Disruptive Behaviours Scale and Connors' Parent Rating Scale-Revised were used to assess ADHD symptomatology. Verbal IQ was estimated using two verbal subtests of the Wechsler Intelligence Scale for Children, and movement ability was assessed using the Movement Assessment Battery for Children (MABC) and the Purdue Pegboard test. Findings demonstrated that the children with ADHD had significantly poorer movement ability than control children. A high percentage of these children displayed movement difficulties consistent with developmental coordination disorder (DCD). In addition, the current study found that the type and degree of movement difficulty differed between subtypes. The Total Impairment score, as derived from the MABC, was less severe for the ADHD-HI group than the other two ADHD groups, but more severe than for the control group. Males with ADHD-PI and ADHD-C had significantly poorer fine motor ability (p<0.001) than control males, whereas the ADHD-HI group did not differ significantly from any of the other groups. As children with ADHD only and the control group did not differ significantly on fine motor ability but were significantly better than children categorized with both ADHD and DCD, it was argued that poorer fine motor ability found in children with ADHD could not be attributed to deficits in attention and concentration, but rather to factors relating to their motor ability.
Recent research has drawn attention to both the immediate and longer-term concomitant difficulties of children with motor problems such as developmental coordination disorder (DCD; Losse et al. 1991 , Cantell et al. 1994 , Piek et al. 2000 , Skinner and Piek 2001 . DCD is 'characterized by impairment of motor performance sufficient to produce functional performance deficits not explicable by the child's [chronological] age or intellect, or by other diagnosable neurological or psychiatric disorders' (Polatajko et al. 1995 p 5) .
For over a century, children with motor problems have been associated with the behavioural difficulties of inattention, hyperactivity, and impulsivity (Rutter 1982 , Sandberg 1996 and there has been a general acceptance that approximately half of all children with attention-deficit-hyperactivity disorder (ADHD) may have motor difficulties (Hartsough and Lambert 1985 , Barkley et al. 1990 , Piek et al. 1999 . However, motor dysfunction in these children remains underexamined (Doyle et al. 1995, Kadesjö and Gillberg 1998) and research investigating the relationship between ADHD and DCD has been limited (Gillberg 1998) .
The importance of such research is supported by the weight of evidence from the Swedish research groups which has detailed poorer outcomes for children with Deficits in Attention, Motor Control, and Perception (DAMP; Hellgren et al. 1994 , Gillberg and Hellgren 1996 , Rasmussen and Gillberg 2000 . DAMP is viewed as an overarching concept that encompasses 'combinations of motor control and perceptual problems in conjunction with attentional problems encountered in children who do not show mental retardation or cerebral palsy' (Gillberg 1995 p 139) . DAMP diagnostic criteria include the areas of attention, gross motor skills, fine motor skills, perceptual ability, and speech/language dysfunction (see Gillberg 1992 Gillberg p 1323 . Gillberg (1998) suggested that children with DAMP 'meet criteria of DSM-IV ADHD (particularly the inattentive subtype) and "developmental coordination disorder"' (p 108). Gillberg (1995) criticized studies within the attention-deficit syndrome paradigm for often overlooking 'concomitant neuropsychological and motor coordination problems' (p 40), even though there is general acceptance of the relationship between them. Indeed, some authors have suggested that the 'concept of ADHD may be clinically less relevant than that of DAMP' (Kadesjö and Gillberg 1998 p 803) . Bax and Whitmore (1987) argue that rather than focussing on specific learning disorders, we need to use a more general diagnosis such as neurodevelopmental disorder, which takes into account the involvement of both the nervous system and development in explaining the specific problems that a child may have, i.e. there is a general syndrome rather than a series of individual diagnoses.
Regardless of the approach taken to investigate psychopathology in children, there is a need to gain a better understanding of the relationship between ADHD and motor coordination difficulties. The current study was designed to redress the relative absence of reliable and objectively assessed information pertaining to the motor abilities of children with subtypes of ADHD and to detail the association between ADHD symptomatology (i.e. inattentiveness and hyperactive-impulsive) and movement ability. Three subtypes of ADHD are identified by the DSM-IV (American Psychiatric Association 1994), namely: ADHD predominantly inattentive type (ADHD-PI); ADHD predominantly hyperactive/impulsive (ADHD-HI); and ADHD, combined type (i.e. combined inattentive and hyperactive/impulsive symptoms; ADHD-C). The particular performance profiles for these subtypes remains relatively unknown in an atmosphere where both clinicians and researchers continue to question the precision of current diagnostic classifications and the variance in outcomes of cognitive abilities research. For example, Barkley (1997) suggested that ADHD-HI is a developmental precursor to ADHD-C and is supported by Hart et al. (1995) who found that hyperactive/impulsive behaviour emerges early in the preschool years whereas the onset of inattentive symptomatology is several years later. Barkley (1997) has also suggested that ADHD-PI may not be an ADHD subtype but rather a separate disorder. on the other hand, have suggested that the three subtypes be considered as three genetically distinct disorders.
The primary aim of the current study was to investigate ADHD subtype-specific differences in motor ability. Previously we found that 30% of children with either ADHD-PI or ADHD-C subtypes performed at a level consistent with DCD, and another 30% of each group were in need of monitoring their motor performance (i.e. classified 'at risk' of DCD) and its life consequences (Piek et al. 1999) . The children with ADHD in this earlier study (i.e. ADHD-PI and ADHD-C) had significantly poorer general movement ability than did the comparison group. We did not, however, include a group of children with ADHD-HI in that study and the current study was designed to investigate motor ability profiles in all three ADHD subtypes.
In the earlier study (Piek et al. 1999) we also found that males with ADHD-PI had significant fine motor difficulties, whereas the primary difficulties of males with ADHD-C were of a gross motor origin. This was further investigated in the current study, firstly through the analysis of the balance, ball skills, and manual dexterity subcomponents of the Movement Assessment Battery for Children (MABC; Henderson and Sugden 1992) , and secondly via the analysis of data derived from an additional test of fine motor skill: the Purdue Pegboard test (Tiffin and Asher 1948, Tiffin 1968) .
A further aim was to examine the impact on fine motor ability of having both ADHD and DCD. It has been suggested that poorer fine motor ability in children with ADHD is linked to the fact that fine motor skills 'make greater demands for sustained attention and effortful activity' (e.g. Doyle et al. 1995 p 237) . It would, therefore, be expected that even if children with ADHD-PI or ADHD-C are not diagnosed with DCD, their fine motor movements would be poorer than control children as a result of their inattentive symptomatology. This was investigated using the Purdue Peg Board test.
Only males were included in the current study. Justification for a sex specific investigation is found on many levels. First, subtype prevalence estimates indicate that although males continue to constitute the greater percentage of children within each ADHD subtype, females have a higher proportional representation within the ADHD-PI subtype (Lahey et al. 1994) . Second, sex differences have been reported for motor performance (Henderson and Hall 1982) but have not been adequately addressed in the literature. Reports vary as to whether males experience more severe motor coordination problems than females Hall 1982, Hoare and Larkin 1991) . Culturally influenced performance expectations (Hoare and Larkin 1991) , increased visibility of physical performance (Smyth 1992) , sex-related interaction styles, and social environment have been found to influence motor skill acquisition (Garcia 1994 ) and the identification of motor problems. Sex differences may also be influenced by stimulus configuration (Laszlo et al. 1980) , visuo-spatial cue processing (Livesey and Intili 1996) , and vividness of movement imagery (Issac and Marks 1994) . In combination these issues led to the decision to reduce potential confounds by focussing on males for the current study.
If motor difficulties are confirmed to be problematic, then given that previous research has shown negative psychosocial and academic outcomes for children with DCD and DAMP, it may be appropriate to include motor assessment and intervention in 'best practice' regimes for children with ADHD.
Method

PARTICIPANTS
One hundred and fifty seven males (mean age 10 years 1 month, SD 1 year 4 months; age range 7 years 8 months to 12 years 11 months) participated in the study. Participants were recruited from 35 mainstream primary schools within the Perth metropolitan area in Western Australia, and were not involved in the earlier study (i.e. Piek et al. 1999 ).
MEASURES
Australian Disruptive Behaviours Scale
The shortened form of the Australian Disruptive Behaviours Scale (ADBS; Levy and Hay 2001) is a parent-report questionnaire that lists items reflective of DSM-IV (American Psychiatric Association 1994) criteria for ADHD (i.e. 9 inattentive symptoms and 9 hyperactive/impulsive symptoms). A standard set of instructions directs the rater to indicate the applicability of each item for their child, either now or within the last six months. Items are rated on a scale of 0 (not at all) to 3 (very much/very often). Ratings of 0 or 1 are interpreted as symptom absent and ratings of 2 or 3 are interpreted as symptom present. This method of establishing symptom presence is consistent with the procedures adopted in other studies (Pelham et al. 1992 , Lahey et al. 1998 ). This procedure has produced similar estimates of the prevalence of the three subtypes and of the latent structure, when comparing Australian and Missouri samples (Rasmussen et al. 2002) . The ADBS ratings of behaviour have been found to be a conservative indicator of ADHD symptom presence (Levy et al. 1996) in that more symptoms were reported when assessed by interview compared with the ADBS rating. Studies using DSM-III-R (American Psychiatric Association 1987) ADHD criteria have reported kappa coefficients of 0.561 to 0.648 and an alpha coefficient of 0.86 (Levy et al. 1997) . The ADBS has been found to be a reliable measure of the presence of inattentive symptoms (r=0.93) and hyperactive/impulsive symptoms (r=0.95; . Dimensional scores may be calculated by summing the participant's relevant responses to provide an overall rating of inattention and hyperactivity/impulsivity.
Conners Parent Rating Scale -Revised
The long form of the Conners' Parent Rating Scale-Revised (CPRS-R:L; Conners 1997) is for use with children aged from 3 to 17 years, takes 15 to 20 minutes to complete and was used in order to substantiate the ADHD groupings. The 80-item measure produces a seven factor outcome (i.e. cognitive problems, oppositional behaviour, hyperactivity-impulsivity, anxiety and shyness, perfectionism, social problems, and psychosomatic behaviour) with internal reliability coefficients ranging from 0.74 to 0.94 for males (Conners et al. 1998 ).
Wechsler Intelligence Scale for Children-III
A short form of the Wechsler Intelligence Scale for Children-III (Wechsler 1992 ; Vocabulary and Similarities subtests) was used to derive a prorated verbal intelligence (VIQ) score in order to ensure comparative abilities between groups. These two subtests were chosen because as a dyad they have high reliability (Vocabulary r=0.87; Similarities r=0.81) and validity coefficients (Sattler 1992 , Wechsler 1992 and have been used in other studies of motor performance (Henderson and Hall 1982 , Lord and Hulme 1987 , Piek and Coleman-Carman 1995 , Piek et al. 1999 . The subtests are the first (Vocabulary) and third (Similarities) best measures of general cognitive ability (Sattler 1992) .
Movement Assessment Battery for Children
The Movement Assessment Battery for Children (MABC; Henderson and Sugden, 1992) is a standardized, two part, structured, motor ability assessment consisting of a parent/teacher report checklist measuring everyday movement ability and an individually administered performance test. The standardized performance test was used in the current study. It consists of four age bands (4-6, 7-8, 9-10, and 11-12 years) that incorporate the performance of eight different tasks rated on a 0 to 5 scale. The tasks are grouped in three performance groupings of: Manual Dexterity (a measure of fine motor ability, 3 tasks), Ball Skills (a measure of both fine and gross motor ability, 2 tasks), and Static and Dynamic Balance (a measure of gross motor ability, 3 tasks). Four scores may be derived: a Total Impairment score and a score profiling performance within each grouping of tasks. Higher scores indicate greater motor impairment. Children with Total Impairment scores in the top 5th centile are considered to have performed at a level 'indicative of a definite motor problem' that requires intervention (Henderson and Sugden, 1992 p 108) . Children with scores between the 85th and up to the 95th centile demonstrate a 'borderline' degree of difficulty (Henderson and Sugden 1992) .
The MABC is a revised version of the Test of Motor Impairment (TOMI; Stott et al. 1984) . TOMI test-retest and interrater reliability have been assessed to be equal to or greater than 0.75 and 0.70 respectively in a study involving 360 randomly selected children of all ages. The percentages of agreement between a test-retest study for the MABC revealed a range between 73 to 97% concordance in the Total Impairment score and similarly in each of the three performance groupings (Henderson and Sugden 1992) . A recent study has reported the MABC to correlate significantly (r=0.62) with a German test of coordination in children (Körperkoordinations Test für Kinder; Kiphard and Schilling 1974 cited in Smits-Engelsman et al. 1998) .
Purdue Pegboard
The Purdue Pegboard test (Tiffin and Asher 1948, Tiffin 1968) was designed to measure finger and hand dexterity. The test was originally designed as a personnel selection test but has more recently been used as a neuropsychological measure (Sattler 1992) . The apparatus consists of a board with two parallel rows of 25 holes each. Pegs, collars, and washers are located in four cups at the top of the board (Figure 1 ).
The first three subtests require the participant to place as many pins as possible in the 25 holes within 30 seconds, first with the preferred hand, then the non-preferred hand, and finally with both hands. In the fourth subtest the participant must use both hands alternatively (beginning with the preferred hand) to build as many 'assemblies' (i.e. a pin, a washer, a collar, and another washer) as possible within one-minute. Scores are derived for each part of the test. The majority of reliability and validity studies have been performed with adults in various occupations requiring manual dexterity skills (Tiffin 1968) . Reported reliabilities range between 0.60 to 0.76 for single trial scores and 0.82 to 0.91 for three trial scores (Tiffin 1968) . The Purdue Pegboard test has been used with children with learning disabilities* (Costa et. al. 1963 cited in Tiffin 1968 and has been found to distinguish reliably the performance of children with minimal brain dysfunction from control children across a 5 to 15 years 11 months age range (Gardner and Broman 1979) . The apparatus has also been used within studies comparing the timed motor performance of children with DCD with control children (e.g. Lyytinen and Ahonen 1989, Cantell 1998 ).
PROCEDURE
Ethical guidelines of the National Health and Medical Research Council of Australia were followed with particular emphasis on those pertaining to the testing of children. The Head teachers of 35 Perth primary schools were sent recruitment literature containing a participant information sheet, a parent/guardian consent form, and a reply-paid envelope for distribution to all males in Grades 3 to 7. Consenting parents/guardians were forwarded a letter and questionnaire (i.e. the ADBS and a descriptive questionnaire). Three hundred and thirty one questionnaires were returned: a return rate of 9.2%. The initial letter also requested that non-consenting parents/guardians provide feedback about their reasons for
Motor Ability in Males with ADHD Thelma M Pitcher et al. 527
Figure 1: Purdue Pegboard test: a measure of finger and hand dexterity (Tiffin 1968 ).
*US usage: mental retardation.
non-participation. Consistent with previous research (e.g. August et al. 1992) , the main reasons for non-participation were the time, travel or work/school/family commitments, or a lack of child consent. The questionnaire was used to screen participants and allocate group membership as described later. The parent/guardian of any child who completed the entire testing process was also asked to complete the relevant CPRS-R:L. Parents were notified upon completion of the study if there were any indications that their child may have motor coordination difficulties, the presence of a high degree of ADHD symptomatology, or any concerning elevation in associated clinical problems as identified by the CPRS-R:L.
The majority of testing sessions were conducted at the participant's school and took approximately one hour to complete. A small percentage of children were tested at home or at the University. Each session commenced with administration of the WISC-III Vocabulary and Similarities subtests. The participants then completed the PPB and MABC tests. The process of administration of these tests occurred in a counterbalanced format to control for both practice effects and fatigue.
In order to minimize the effects of medication on test outcomes, all males currently taking medication were asked to abstain from all doses on their scheduled day of testing. In addition, every effort was made to coordinate testing with any usually occurring temporary withdrawals (e.g. school holidays). Adopting this procedure meant that all medicated participants had, at minimum, a period of abstinence of approximately 15 hours before being tested.
Attention to task
As an objective estimate of group levels of attention to task, a random sampling technique was used to select up to 10 participants from each group for behavioural analysis. Each selected participant was videotaped for three 5 minute periods beginning at the 10th, 30th, and 50th minute of the testing process. A psychologist and a mental health practitioner then rated the video segments using the child observation component of the Observing Pupils and Teachers In Classrooms system (OPTIC; Houghton et al. 1990 ). The OPTIC system has proven to be a reliable and valid method of behavioural assessment and enables the derivation of a 'percentage of on-task behaviour' score for each observed participant (Merrett and Wheldall 1986) . The interrater reliability of the 'on-task' ratings in the current study was significant at r=0. 98, p<0.001 (off-task ratings, r=0.95, p<0.001) . There was no significant difference in the mean level of on-task (F[3,52]=2.24, p>0.05), nor off-task (F[3,52]=2.24, p>0.05) behaviour. The per group mean ontask percentages for each group were: control group, 98%; ADHD-PI 98%; ADHD-HI 95%; and ADHD-C 92%.
DATA ANALYSIS Data were analyzed using two distinct approaches to participant groupings.
SUBTYPE COMPARISONS
Each participant's primary group membership classification was based on the parent/guardian response to the short form of the ADBS. Males classified in the ADHD-PI group (n=50) were reported to have at least six of nine inattentive symptoms but less than 6 hyperactive/impulsive symptoms. Forty percent of the ADHD-PI group had been previously diagnosed. Males in the ADHD-HI group (n=16) had at least six of nine hyperactive/impulsive symptoms but fewer than six inattentive symptoms (37.5% had received a previous diagnosis). Males in the ADHD-C group (n=38) had at least 6 of 9 symptoms within both the inattentive category and the hyperactive/impulsive category (66% had received a previous diagnosis). A smaller number of males were classified with ADHD-HI than either ADHD-PI or ADHD-C. This was an anticipated outcome considering that children with ADHD-HI are generally more prevalent in a younger age range (Lahey et al. 1994 ) than that considered ideal for the current study. Six males with a previous ADHD diagnosis failed to meet the ADHD rating scale inclusion criteria. Another eight males had high presence of ADHD symptoms (e.g. five inattentive symptoms and five hyperactive/impulsive symptoms) but failed to meet the minimum diagnostic criteria (i.e. six of nine symptoms).
Participants allocated to the control group (n=39) were required to have minimal ADHD symptomatology (<3 ADHD symptoms), minimal pre-and postbirth complications, and no serious previous or existing developmental and/or intellectual difficulties.
Parents/guardians also completed the CPRS-R:L with the results providing support for the ADHD groupings. Significant group differences were found for oppositional behaviour (F[3,136] Post-hoc analysis revealed that all four groups differed from each other with respect to these dependent variables with the exception of the ADHD-C and ADHD-HI groups. As expected, these two groups had the highest scores, as disruptive behaviours have a strong link with hyperactive/impulsive symptomatology. Significant group differences were found for cognitive problems or inattention difficulties, (F[3, 136] =79.01, p<0.001). Post-hoc analysis indicated that all groups differed from each other with the exception of ADHD-PI and ADHD-C groups. Again, this is to be expected as these are the two groups with inattentive symptomatology. The Conners' ADHD Index, which is a measure of the level of 'risk' for ADHD, significantly differentiated the groups, (F[3,136] =90.29, p<0.001. Post-hoc analysis indicated that the ADHD-C group was more at risk for ADHD than any of the other groups. All groups significantly differed from each other on this measure with the exception of the ADHD-PI and ADHD-HI groups. Table I displays the group means, standard deviations (SDs), and range for the number of ADHD symptoms, age, and prorated WISC-III VIQ based on the scores from the Vocabulary and Similarities subtests (Wechsler 1992 Dependent variables used in comparing ADHD subtypes were divided into three categories: (1) MABC Total Impairment score; (2) MABC sub-components, and (3) PPB tests.
MABC Total Impairment score
Statistical significance was assessed using a univariate analysis of variance (ANOVA) in order to determine whether groups differed on the MABC Total Impairment score. There were violations of the assumption of variance. This can be partially explained by the fact that the MABC (Henderson and Sugden 1992) was designed for diagnostic purposes and, as a result, the range for good to exceptional performance may be somewhat restricted. Logarithmic transformations were performed in an attempt to reduce variability and general skew of the data. However, this had little effect, and for clarity of interpretation the non-transformed data are presented. As a result, violations of the assumptions for homogeneity of variance necessitated an adjustment to the per comparison alpha level to compensate for any effects on Type I error (i.e. α=0.025). Planned comparisons, evaluated at a modified Bonferroni corrected alpha level of 0.0375 (i.e. 3×0.05/4) and corrected for assumptions of unequal variance, were conducted to compare groups.
Participants were also classified into one of three 'ability' categories according to their MABC Total Impairment score: (1) acceptable performance, Total Impairment score <85th centile; (2) borderline performance, Total Impairment score ≥85th and <95th centile; and (3) 'DCD', Total Impairment score ≥95th centile.
A unidirectional χ 2 test of relatedness was used to examine the association between experimental group and MABC performance category.
MABC subcomponents
These subcomponents consist of manual dexterity, ball skills, and balance. MANOVA, followed by three separate univariate ANOVAs, were used to relate group membership to each of the subcomponents of the MABC. Multivariate and univariate homogeneity of variance assumptions for ball skills and static and dynamic balance were violated. Again, as logarithmic transformations did not correct this, an adjustment was made to the per comparison alpha level (α=0.025) for the respective analyses. Planned comparisons evaluated group performance for significant univariate effects at a modified Bonferroni corrected alpha level of 0.025.
PPB Tests
The dependent variables consisted of: (1) PPB Composite score, i.e the combined score for dominant hand, non-dominant hand, and both hands together as a measure of fine motor ability; (2) PPB Dominant Hand score, a measure of dominant hand fine motor proficiency; (3) PPB Non-dominant Hand score, a measure of non dominant hand fine motor proficiency; (4) PPB Both Hands Together score, a measure of fine motor proficiency in a bimanual task; and (5) PPB Assembly Task score, a measure of fine motor proficiency and planning ability in a complex bimanual task.
Firstly, a four-group ANOVA was used to assess the relationship of group membership to the PPB composite score. The significant outcome was followed by planned comparisons to evaluate the predicted group difference on PPB composite score. Statistical significance was assessed at a modified Bonferroni corrected alpha level of 0.03. The predicted outcomes for the remaining PPB variables (i.e. PPB Dominant, Non-dominant, Both Hands, and Assembly scores) were analyzed by means of a 4×4 MANOVA due to their conceptual relatedness.
ADHD/DCD, ADHD, AND COMPARISON GROUP
In this grouping, membership involved the categorization of the ADHD and comparison participants into groups based on the presence or absence of a DCD classification. The performance criteria for DCD classification was based on the participant's MABC Total Impairment score (i.e. ≥85th centile). A DCD classification suggested a range of movement ability that was either indicative of a need for ongoing monitoring of the impact of difficulties in the participant's daily life, or when toward the higher end of the centile range, indicated a need for intervention.
The first group included all males who met the criteria for ADHD categorization and a 'DCD' classification (i.e. ADHD/DCD). The ADHD/DCD group comprised 55 participants. A second group consisted of all participants with an Motor Ability in Males with ADHD Thelma M Pitcher et al. 529 ADHD categorization but no 'DCD' classification (i.e. MABC Total Impairment score <85th centile). These males were diagnosed with 'pure' DSM-IV ADHD with one of the three subtypes (i.e. ADHD; n=49). ADHD subtypes were not separated into different groups as this would have resulted in small group numbers. The comparison group comprised all participants without either ADHD or DCD (n=31). A 'pure' DCD group was not formed due to low numbers (i.e. only eight participants from the original comparison group met DCD criteria). Means, SDs, and range for age, prorated VIQ, and categorical and continuum based ADHD symptom scores are displayed in Table II . As the groups were subject to reformulation, the differences in age and VIQ were evaluated. Age differences between groups were found to be statistically nonsignificant (F[2,132] <1). However, a statistically significant difference was found for VIQ, (F[2,132]=4.96, p<0.025). Post-hoc analysis revealed that the ADHD/DCD group had significantly lower VIQ than the comparison group (p<0.05.) Both the ADHD/DCD and ADHD groups had significantly more inattentive and hyperactive/impulsive symptomatology than did the comparison group (p<0.05) but they did not differ between themselves (p>0.05).
The dependent variables examined using this group allocation are described above and consist of: PPB Composite score; PPB Dominant Hand score; PPB Non-dominant Hand score; PPB Both Hands Together score; and PPB Assembly Task score. Given that the ADHD/DCD group had a significantly lower VIQ than the comparison group and that VIQ significantly correlated with each of the PPB variables, VIQ was used as a covariate. A three-group ANCOVA was used to assess the relationship of group membership to the PPB Composite score. The predicted outcomes for the remaining PPB variables (i.e. PPB Dominant, Non-dominant, Both Hands, and Assembly scores) were analyzed by means of a 3 ×4 MANCOVA. The significant MANCOVA was followed by four separate univariate ANCOVAs. A Bonferroni corrected alpha level was used where appropriate, in order to maintain a family-wise alpha of 0.05. Significant findings were followed up using planned contrasts across the marginal means for the group factor at the modified Bonferroni corrected alpha level of 0.03. Table IV displays the percentage of participants from each group found to have either acceptable, borderline, or 'DCD' movement ability. The χ 2 test was statistically significant, χ 2 (6, N=43)=14.55, p<0.025, indicating that group membership will significantly influence performance category membership. 
Results
SUBTYPE COMPARISONS
MABC Total Impairment score
MABC subcomponents
Static and dynamic balance
Univariate ANOVA revealed no significant group effect for static and dynamic balance (F[3,139]=2.49, p>0.025). However, statistical power was low (0.61), and effect size was small (partial µ 2 =0.051). Table VI displays the means, SDs, and range of performance for each group on the dependent variables that constitute the sub-components of the PPB. The obtained F ratio for the PPB Composite score was statistically significant (F[3,139]=3.04, p<0 05), indicating that the groups significantly differed with respect to their combined right hand, left hand, and both hands performance on the PPB. Statistically significant planned comparisons found that the ADHD-PI group's mean PPB Composite score was significantly poorer than the comparison group's mean score (t[139]=2.98, p<0.03). All other group comparisons were statistically nonsignificant with small effect sizes.
Purdue Pegboard
A 4 ×4 MANOVA was used to evaluate group differences on the remaining PPB variables (i.e. PPB Dominant, Non-dominant, Both Hands and Assembly scores). Against prediction, the multivariate outcome indicated that the linear combination of the PPB variables did not significantly differentiate the groups (F[12,414]=1.22, p>0.05).
ADHD/DCD, ADHD, AND COMPARISON GROUP Table VII displays the means, SDs, and range of performance for each group on the PPB dependent variables.
The ANCOVA for the PPB Composite score was statistically significant (F[2,131]=12.18, p<0.01). Planned contrasts confirmed the significantly poorer performance of the ADHD/DCD group as compared with the comparison group or the ADHD group on the PPB Composite measure (p<0.03). The contrast between the comparison group and ADHD group was found to be statistically nonsignificant (p>0.03).
For the remaining PPB variables (i.e. PPB Dominant, Nondominant, Both Hands and Assembly scores) the obtained F ratio for the MANCOVA indicated that the linear combination of the PPB variables significantly differentiated the groups (F[8,258]=2.72, p<0.01) . Univariate analyses demonstrated that the obtained F ratios for all PPB variables were statistically significant (p<0.01; see Table VIII) .
The planned contrasts confirmed that the ADHD/DCD group was significantly poorer in performance on every PPB variable as contrasted with both the comparison group and the ADHD group (p<0.03). The comparison group and the ADHD group did not significantly differ from each other on any of the PPB variables (p>0.03).
Discussion
Two main aims were addressed in this paper. First, ADHD subtype-specific motor performance profiles were established
Motor Ability in Males with ADHD Thelma M Pitcher et al. 531 following the assessment of motor performance on the MABC (Henderson and Sugden 1992) and PPB (Tiffin and Asher 1948, Tiffin 1968) . Also of interest was the outcome on the PPB for participants with both ADHD and DCD compared with those diagnosed with only ADHD. The first analysis involved a comparison between the three ADHD subtypes and a control group regarding the mean MABC Total Impairment scores. The ADHD-PI and ADHD-C groups, and not the ADHD-HI group, differed significantly from the comparison group in their Total Impairment score. This suggests that the subtypes that include inattentive symptomatology may be the ones most affected by poor motor performance. That is, if a purely categorical approach to group identification is used then this outcome may lead one to assume that the ADHD-HI group (who by categorical definition do not have significant inattentive difficulties) was not significantly more impaired than the comparison group due to the relative absence of inattentive symptomatology. However, the significance of the motor dysfunction experienced by males with ADHD-HI becomes apparent in a comparison of the categorical distribution according to their MABC centile ranking in Table IV . This result clearly demonstrated problematic motor dysfunction for the ADHD-HI males, with 31.3% found within the DCD level compared with 10.3% in the comparison group. It is not until the continuum symptom scores for inattentive symptomatology are examined (see Table I ) that it becomes obvious that, despite not reaching the clinical threshold for diagnosis of inattention, this group still had higher levels of inattention than the comparison group. The strength of this finding is that it replicates the findings of Piek et al. (1999) and supports previous reports of the link between motor ability and inattention (e.g. Lyytinen and Ahonen 1989) highlighting the importance of this particular ADHD symptomatology as a determinant of the overall level of motor functioning.
The results of the current study, therefore, provide new evidence of significant motor impairment in all three DSM-IV ADHD subtypes. Around 50% of children with each subtype of ADHD have motor performance problems, compared with 20% in the comparison group. (It should be pointed out that this proportion is quite large for the comparison group, and may be a function of the sampling as parents may have enrolled their children in the study if they were concerned about their child's motor ability.) In summary, whilst previous literature has pointed to a link between ADHD and DCD, in particular for the ADHD-PI and ADHD-C subtypes (e.g. Hartsough and Lambert 1985; Piek et al. 1999) , the current research has also identified that the motor problems are a shared feature of all DSM-IV subtypes and extend to the ADHD-HI group.
Each of the three subtests of the MABC was examined separately to determine any distinct performance profiles for the ADHD subtypes. The outcome for static and dynamic balance indicated that the groups did not significantly differ on this measure. This does not support the findings of Piek et al. (1999) who found a significant deficit in gross motor ability for the ADHD-C group as compared with the comparison group. This result is somewhat unexpected given the range of literature that has reported deficient gross motor ability as determined by neurological soft-sign tests (e.g. Carte et al. 1996 , Barkley 1998 , Nigg et al. 1998 . Additionally, given that the presence of 'soft' neurological signs has been shown to improve or resolve with the use of methylphenidate (Lerer and Lerer 1976) and that the ADHD children within the current study were tested unmedicated, it seemed more likely that these differences would have been observed in the current study as opposed to the Piek et al. study (1999) 60% of the ADHD-C children were medicated. However, in general, the use of soft neurological signs has received some criticism due to the high variability in outcomes for children with hyperactivity (McMahon and Greenburg 1977) . The result with respect to gross motor dysfunction remains inconclusive. The outcome for ball skills supported the prediction of a greater performance deficit for the ADHD-PI and ADHD-C group as compared with the comparison group. The ball skills of the ADHD-PI group were also, as predicted, significantly worse than those of the ADHD-HI group, yet the performance of the ADHD-C group was not found to differ significantly to that of either the ADHD-HI group or the ADHD-PI group. Also, the ADHD-HI group did not have significantly poorer ball skills than the comparison group. Despite previously referring to ball skills as a test of fine and gross motor skill, elements of visual processing may also relate to the performance on this specific motor task. Thus interpretation of the results may tend to imply that the visual motor skills of the groups significantly varied. The finding is in contrast to that of Carlson et al. (1986) who failed to find any significant visual-motor skill differences between children with attention-deficit disorder (ADD) with hyperactivity, ADD without hyperactivity, or their control groups. Additionally, the current finding does not support the findings of Frank and Ben-Nun (1988) that children with ADD with hyperactivity have poorer ball handling than children with ADD without hyperactivity. The DSM-IV equivalent groups within the current study were not significantly different in their ball handling ability and inattentive symptomatology was again linked to poorer motor performance.
An examination of the manual dexterity scores demonstrated that the groups significantly differed according to their fine motor skills as measured by the MABC. Planned comparisons identified that, as predicted, the ADHD-PI group had significantly worse manual dexterity skills than the comparison group but not significantly different to the ADHD-C or ADHD-HI groups. As predicted, the ADHD-C group was also found to have significantly poorer fine motor skills than the comparison group but no worse than the ADHD-HI group. The ADHD-HI group also did not differ from the comparison group, although scores were suggestive of higher levels of dysfunction than the comparison group.
These results support, in part, the findings of Piek et al. (1999) in that, once again, a fine motor skill deficit was observed for the ADHD-PI group. However, in contrast to that study, the ADHD-C group experienced similar dysfunction. The results for the ADHD-C group in the Piek et al. study may well have been influenced by their positive test medicated status at the time of testing (i.e. stimulants may improve fine motor coordination; Shaywitz and Shaywitz 1984) . Over 60% of their ADHD-C group, as compared with less than 20% of the ADHD-PI group, were medicated in the Piek et al. study and, consequently, the level of dysfunction in the ADHD-C group may have been dampened.
Fine motor ability was further investigated using the PPB. As predicted, the ADHD-PI group had significantly poorer fine motor skills on this measure than did the comparison group. However, the prediction of poorer fine motor skills on this measure when compared with the ADHD-HI group was not supported. Furthermore, it was expected that the score for the ADHD-C group would be significantly worse than the mean score for either the ADHD-HI or comparison groups. However, the only significant finding for the PPB variables was the outcome for ADHD-PI on the PPB composite score. This result must be accepted with a degree of caution given that it occurred with a composite variable elevating the risk for Type I error. However, the result is in line with expectation and supports the earlier findings for deficient fine motor skill as measured by the MABC manual dexterity task.
A further aim of the current study was to determine the impact of having both ADHD and DCD, in contrast with ADHD only, on fine motor performance as measured by the PPB. Children with the categorization of both ADHD and DCD had consistently poorer performance than both the comparison group and the children with only ADHD on all of the fine motor tests of the PPB, even after equating groups on VIQ. All contrasts between the comparison group and the ADHD group were nonsignificant indicating that these groups did not differ in their fine motor ability. This finding demonstrates that poor fine motor ability is not a result of the ADHD symptomatology, but rather of the comorbid DCD condition. That is, the poor performance on the fine motor measures cannot be attributed to attention and concentration deficits, as has been argued in the past (e.g. Doyle et al. 1995) , particularly when considering that there was no significant difference between the single and dual diagnosis groups in terms of their inattentive symptomatology (see Table II ). These general findings for greater fine motor dysfunction for the males within the ADHD/DCD group support the use of the PPB test as a measure able to discriminate between the performance of ADHD groups with motor difficulties (i.e. DCD) and those without (i.e. no DCD). It also explains the confusing and often conflicting results found on motor measures when investigating ADHD without taking into account children who may also have DCD.
The findings of the current study point to a reciprocal need for not only the assessment of motor function within males with ADHD (Piek et al. 1999) , but for the assessment of ADHD symptomatology within children with DCD. The failure of the DSM-IV to recognize adequately motor difficulties within the ADHD section of the diagnostic manual suggests that up to
Motor Ability in Males with ADHD Thelma M Pitcher et al. 533 50% of children with ADHD may also be experiencing all the secondary difficulties attributable to DCD without appropriate recognition or intervention. The potential exists for social, emotional, and behavioural difficulties associated with the movement dysfunction (e.g. negative appraisal or social derision; Henderson and Hall 1982 , Cratty 1994 , Schoemaker and Kalverboer 1994 , physical weakness and low fitness (Cratty 1994 , Bouffard et al. 1996 , or other educational, social and emotional problems (Losse et al. 1991 , Geuze and Börger 1993 , Hellgren et al. 1993 , Cantell et al. 1994 , Skinner and Piek 2001 to be misattributed to the ADHD symptomatology (Vaessen and van der Meere 1990 ), although it is more likely that the combined effect of both conditions warrants close attention. A strong recommendation based on the current research is for the recognition of motor skills disorders such as DCD within the differential diagnosis section for ADHD. To continue to emphasize the attribution of any observed motor difficulty for children with ADHD to the symptoms of distractibility or impulsivity advocates the minimization of observed motor problems and their associated impact.
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